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1. Nature of equiphased surfaces of a system of interferences determined

—

by two monochromatic constant sources.,

Thus: C and D are the two source points.

- One supposes the homogeneous middle point of index marked n.

- Given two points A, B one calls the optic path (AB) the quantity n.

AB positive if it is counted going toward the source.

A) - The points C and D are at infinity (Figure 1) or 20 the angle of
thelr two directions to infinity. The equiphased sp;fages are equidistance
parallel planes~--this is between planes being: \;é::::o;

B) - One of the points is at infinity, eithe;wéA(Figure 2) or (P) a wave
plane taken as reference--the pointsof an equiphase are such that:

(MH) - (MD) = K constant

Let a plane (P') parallel to (P) such as
(MH) = (MH') + (N'H) with (H'H) = K

Then one has for each point of the equiphase K
(Mi') - (MD) = o

Let MH' = MD

The equiphases are revolution paraloloids of focus D and of axis parallel
to the direction to infinity of C.

C) - C and D are two source points at finite distance.

The equiphases are such that:

(MC) - (MD) = K constant

These are revolution hyperboloids of focus C and D whose axis is a

straight line CD,
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D) - One of the points, let it be C, is the actual picture perfectly
stigmatic from a source point C' (Figure 3).

= One observes the interferences in the portion of space contained
between C and the optic projection system (S).

- An equiphase surface is defined by the relation

+ (MD) - (MC') = K constant

but (MC') (MC) + (ccY)

and (CC') = K' constant no matter what M is, since C is a
perfectly stigmatic picture of C'
Thus one has for an equation of an equiphase:
(MD) - (MC) = K + K' = cst.
orn (MD 4+ MC) = K+ K’
whence MD + MC = cst.
The equiphases are thus revolution ellipsoids of focuses C and D whose

axis is the straight line CD.

Note:

If D is in C the ellipsoids change into spheres, the equiphases are
analogous to the stationary waves which are produced in the neighborhood
of a spherical mirror lighted by a constant source placed in its center.

2. The general condition of stigmatism in holographic networks.

- Let C l and | D | be the coherent source points which determine the

system of interferences affecting the sensitive surface :E. (Figure 4),
The grooves of the future network correspond to the equiphase inter-
section line of the volume of interferences by the surface fE. .
- One calls homologous points of a same groove, the points M which have

a same order of interferences, thus such as:

‘_ — (case of the hyperbolic
YA ”,MD, Q1 A°,4( equiphased surfaces),

1

- e

- The homologous points of the preceding point on other grooves will
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be by definition such as:
~M'C - M'D = (8 + m) (\. m entirely 74 0

- Let I be one of these points such as:

(2) IC - ID = 8,

- The groove to which this point belongs will be conventionally called

groove number 0 and by definition 91 -8;=n (3) will be the number

of the groove to which the point M belongs, such as
MC - MD = 0y (\,

- Suppose the network completed: one places in lA l a constant

polychromatic source, and one tries to determine the positions of the
monochromatic pictures of A diffracted by the network,

- Let be the picture of A for the wave length d

- The principle of Fermat permits asserting that B is a perfect picture
of A if the optic track MA + MB remains constant no matter what M may be.
In the case of the diffracting systems, the quantity MA + MB ought to
remain constant the length of a network groove, and only ’?{f\ ought to vary
from one groove to the other (k entirely).

- If the stigmatism is only approximate, the deviation to the stigmatism
is characterized by the quantity A equal to the variation of the optic
track L = MA + MB with respect to an optic track of reference 18.

- One can pose:

Lo IA + 1IB

L MA + MB

whence D =L-1Lo S o if phase retard the length of AMB
& o is phase advance the length of AMB

The principal of Fermat then is written for the diffracted pictures:




A

MA+MB=TA+ IB+ kean 8 + A ) @

- k entirely EE being by definition the order of the diffracted picture
B of A for the wave length f\

- M being an element of the family of homologous points of groove number
n associated with the origin I.

Note:

The whole of the homologous points previously defined constitute a
family of lines carried by the miscellaneous grooves of the network.

In order to describe the whole surface of the network, an infinity of
such families would be necessary, to which would correspond an infinity
of origins 1 on groove number O,

The quantity IA + IB which intervenes in the formula (4) therefore
depends upon the family of point M in which we are intérested; but the
variation of this quantity in no way affects the stigmatism of the network,
but only its global efficiency.

- The condition of stigmatism remains the condition (4) or Cs would
be nil, verified for each family of homologous points taken separately.

-~ From the equations 1, 2, 3 one can easily take n and carry this value

to 4 R
it happens: . @ n« MC-MD - (IC—IQI
: py .
whence: A (4) = MA + MB ~ (IA + IB =k [MC-MD -(Ic-m)] ZL
N o ke ; o
thus:

R S S )

Let's pose ;E?r - IA+ 1B~k } (1c-1D) - .
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This is a characteristic constant of the family of homologous points

considered.

One has then () (M) = MA + MB - k _4  (MC-MD) - J
do
The condition of stigmatism becomes:
MA+MB - k A (MC-MD) = 5) = constant (6)
do

- If points A, B, C, and D are distinct, such a relation‘defines at
the most a finite number of curves, but, in our case; the relation ought
to be verified by each point M of a quasi~infinity of homologous lines
traced on the surface :i. . In order that the problem be possible, it
is therefore necessary that the relation decrease in such a way as to cause
only two distinct points to intervene.

The relation (6) then becomes a relation of the type

A MP +,/MQ = cst. A and Vol constant coefficients

It defines then a surface which thus ought to be the surface ii which
carried the network,

- The relation (1) . MC-MD = 8; (\o corresponded to the case where
the equifaced surfaces are of the hyperbolic type, in the case where these

surfaces are ellipsoids, one would have to utilize the relation:

1) Mc+M = 6 Qo

A reasoning analogous to the preceding one would have led to a relation:

do

And to a condition of stigmatism:

(6") MA + MB - k ﬂ - (MC+MD)
. &0

G| Om =wanB -k A (MCHD) - EA+ IB-k_A (IC+ID)]‘I

5) = cst.'?7 thus M
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3. Cases of harsh stigmatism for hyperbolic equiphases.

The condition of stigmatism is written:

MA+MB -k _d_ (MC-MD) =3)= cst. (6)
o
~ In this case one cannot have C = D

- Miscellaneous cases of the decrease of (6) can be presented:

1.) ~A=B=¢
One has then; MA(Z-_IS__A__)'*‘k_a._ Mp = 9

Ao do

One has harsh stigmatism in autocollimation in A for any given wave

length if 2 is the surface of Descartes definited by this relation.

2,)-( A=8=2¢
(
( f‘=2_!lg_ k2o
( k
( MD = cst,

—» MD = cst. implies that 2 is a sphere of center D

[ Thus one has harsh stigmatism for 2 r‘o in autocolliimation on

source A when the latter is placed in C,

(6) becomes: MA (1+k_é__)+MB‘.._L MC = 57
de do

-a) - if in addition A =-do ..y k € o
K

y

it happens that MB + MC

— 2 ought to be an ellipsoid of focus B and C.
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po—
-> | it surface fé: is an ellipsoid of focus B and C, C being one of the

registration points, there is harsh stigmatism in B for the wave length

- Ao in the negative orders when one places the source in D.

h—

- b) ~ If, in addition MA = cgt. with B = C

2 is therefore a sphere of center A, D

One observes at point C

There is harsh stigmatism in C for i% k> o

- ¢) - One always has A=0D
MA

cst.,

A and D are at the center of a spherical cap if in addition one has

) Mg - k rl MC = o . thus JL
pry "

One has in B a perfectly stigmatic plcture for the wave length (x

whatever given

Let's propose A =m ._ASL m

Relation 7 becomes:

MB - m MC = 04] whatever may be M

It means (Figure 5) that points B and C ought to be situated on a

diameter P, Q of the sphere :E_ and that P and Q ought to divide harmonically

the ségment BC in the relation m

PB. =Q8 =m.
PC QC

It follows that one also has the relation:

DP = DB =m:—_1J> DC = R DB = mR
DC DP m
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Relations which permit determining the position of C and that of the
point of observation B.

In summary, if zi is a sphere of center D (MD = cst.) and if one
congsiders B conjugated harmonic of point C with relation to a diameter of
the sphere: (MB = m MC)

- When source A is at the center: MA = MD = cst,

- There is harsh stigmatism:

o in C for the wave length jlg_
+ in B for the wave length m jtg_
k

- The stigmatism expressing the fact that optic tracks are stationary,
one ought to obtain a stigmatism for other wave lengths when, while utilizing
the same network, one places the source in C or B and one observes in one
of the points D, C or B,

- Let's analyze the different cases:

- The hypotheses are:

spherical surface of center D: MD = cst. (
Point[] conjugated harmonic of C E See Figure 6
with relation to a diameter: MR = m MC E
10) - Let's place the source in C: MA =MC ¢
One observes in R for what wave length there E
is stigmatism: MB = MR __i
The condition (6) MA + MB - k f\' (MC-MD) = ? = cst,
°
becomes: MC + MR - k A (MC-MD) =§) = cst.
b 0
thus; MC ( 1+ m - k _é_ )+ k _A__ MD =y = cst.

de °
This condition is completed if one nullifieg .the term in MC

W R 8
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Thus for | d = (m+ 1) do kK Do
K

- One has, one the other hand, already shown that for the same position

of the source there is stigmatism

in D for Qo
k
in C for 2Ao
k
2°) - Let's place the source in R: MA = MR (
(
a) - Let's observe in D: MB = MD (
The condition (6) becomes:
MR+ MD - k A (MC-MD)=?=cst.
do
Thus:
Q)
MC (mk & ) +MD (L+k & ) =) cst.
o °
The condition is satisfactory for [ d = m éo k > o
k
b) - Source in R; MA = MR (
(
One observes in C: MB = MC (
The condition (6) becomes:
~ 0
MR+ MC - k 4 (MC-MD) = } = cst.
[ ]
MC (l+m-k d)+k & M= = cst,
de te
There is stigmatism for A= (ml) do k > o
k
c) - Source in R: MA = MB (
(
One observes in R: MB = MR (
The condition (6) becomes:
* Q
2MR -k 4 (MC-MD)= = Yy = cst.
)
Thus MC (2m - k _A_) +k A M= G? = cst.
do Ao
There is stigmatism for [\=2m & o k > o
k
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3 In summary: - In the case where the sensitive support‘is absphere'and
where one of the registration points is at its center, there is thus in
general, three points of harsh sti.psatism: -

i - the two registration points
E - the point conjugated harmonic of the registration point which
i : R o U e
: is not at the center of the network with regard to the diameter of the '
! network.
% - the following schemas summarize the‘prbperties of such .
j networks:
”' R . H
; MR =m { ;DC=R_:  DR=nmr.;
; MC 1 m i i j‘ .

One has: MR = m DC = R DR = m.r.
| - a) - If m>11g‘_

- One hasfnecéssarily  ‘“K: 1 n = Number of lines/mm of the
T : . .Mn, go . network measured in the
e .. neighborhood of the summit.
- C is at the interior of the circle of the netWOrk;1.fwf'
b
Fe ,..la~“~l.,. Circle of o

i ~the network
-b) - Ifm £ 1

- No limitation on m

- C 1s at the exterlor of the cirele of the network.
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Figure 7 indicates the zone of the plane where is found:

Point C according to the values of m.

If C penetrates the interior of the circle of Rowland, the third
point of stigmatism becomes potential, whence a lesser interest in the

configuration.

40/ - Cases of harsh stigmatism for elliptical equiphases.

- The condition of harsh stigmatism is written then: (6')
MA+MB -k & (MC+ MD) = Q = cst. (6")
< J’
In this case one can have C = D (spherical equiphases)

- One can write (6') in the form:

.(MA-k_t\__MC)+(MB-k_¢_\_MD)= ? = cst.
do do
It is then obvious that for:

( A=¢C —i-§» source point in C
( B=D —t-p observation point in D
( (\ = do k P o

k-

The relation (6') is satisfied:

One has harsh stigmatism no matter what the form of surface :é_

for the wave length Ao, when one places the: source in one of the regis-

k

tration points, and one observes at the other.
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- All the cases of stigmatism obtained in the preceding paragraph are
equally valid in the case of elliptical equiphases, particularly when the
support is spherical and when one of the registration points is located at
the center of the network.

- New possibilities are however permitted by the fact that one can
have C and D mixed:

thus C =D

The conditions (6') becomes:

MA + MB - 2 k _é_ MC = S) = cst.
A

The case MD = cst. being excluded, one is led to consider the case:

MA = cst.
Which implies a spherical support with the source point at the center
of the network: it happens that:

MA+ (MB - 2 k A MC)=6)-cst.

Ao
let's propose m= 2k ¢
Ao
The condition of stigmatism is thus satisfied for whatever wave length:
A = m Ao k D o if one has in addition:
2K

(7) | MB-m MC=o

This implies that B is in R conjugated harmonic of registration point C
with regard to a diameter PQ of the sphere of the network Figure 8.
Which implies the relation:

PB_ = QB = m = PR_ = QR
PC QcC PC QC

Or still if 0 is the center of the network:

OP = OR = m
0oC oP

"gﬁﬂ ‘
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Thus 0C = R
m

(
(
( R. radius of curvature of the network
(

- One can also satisfy the condition (7)
by making ( B =C
and ( m=1
Therefore one has harsh stigmatism for the wave length Jb if one
ak

places the source at the center of the network and one observes at the
common point of registration.

- As in the preceding paragraph, one can expect other conditions of

stigmatism when one utilizes the same network with the source A and C,

D or at point R conjugated of C, D.

:::c> - The hypotheses are therefore:
- Spherical support of center : 0
- Mixed registration points : MC = MD

- R conjugated harmonic of C, D with regard

| to a network diameter : MR = m. MC
- 1°/- One places the source A in C, D : MA = MC = MD
One observes at the center of the network: MB = cst.
The condition (6') becomes:
MC(I-Zk_;_!__)+MB=S7=cst.
It is therefore satis;ied for the wave length
d = Qo k> o
‘ 2k
-2°/- One places source A in C, D : MA=MC =M
One observes in C, D MB = MC
- One has seen that there is stigmatism for A = Ao k :> o

no matter what the form of the support may be,
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-3%/- Source A in C, D : MA = MC = MD
One observes at point R : MB=MR
The condition of stigmatism becomes:

MC (1-2k A ) +MR=S)=cst.
do

MC (1-2k A+ m) =? = cst, =
;O
It is therefore satisfied for the wave length

A= (m+ 1) llg_ k :> o
2 k

5

-49/- One places the source in R : MA

One observes at the center of the network: MB cst.

The condition (6') becomes:

MR+ MR -2k A MC=?=cst.
Ao O
thus MB+ (m=-2k d ) M= ) = cst.
Ao
The condition is satisfied for:

A=n_do
2 k

-59/- One places the source in R : MA = MR
One observes in C, D :  MB = MC

The condition (6') becomes:

MR + MC (1- 2k (\o)=r)7=cst.
°
thus MC (m+1=2k & =) S) = cst.

®
The condition is satisfied for the wave length

] A= (m+ 1) _do kDo
2 k

£
5

-6°/- One places the source in R

5

One observes in R MB

The condition (6') becomes:

Y
Y

"
]

2MR - 2k & MC
[ 3
MC (2m - 2k A )

Ao

cst.

cst,
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There is harsh stigmatism for the wave length

,‘ = m _AEQ_ k Do

One can summarize by schemas the preceding properties:
1 - Holographic networks with spherical support of center 0, radius R.
- Equiphase surfaces of elliptical type -~ registration points C, D mixed.

- Point R conjugated harmonics of C, D with regard to a diameter of

LL the network:

MR =m O0OC=R_ OR
MC m
a)- If ;> m - 1
One has necesgsarily m n = number of lines/mm in the
neighborhood of the summit
o = impression wave length

C, D are at the interior of the circle of the network,

~ Holographic networks with spherical support of center 0, radius R,
- Equiphased surfaces of elliptical type--registration points C, D
mixed.

- Point R conjugated harmonics of C, D with regard to a diameter of

the networks:

MR =m 0C = R OR = m,r.

MC m
(above equation may be incorrect)
Ifm H 1
- One has necessarily (unreadable) n = number of lines/mm is the

neighborhood of the summit

(unreadable) impression wave length

- C, D are at the interior of the circle of the network. °
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(unreadable) indicates the zones of the plane where are found points
(unreadable) indicating the values (unreadable)

- Networks by holography

f a convex support

Use of

One always supposes that one of the registration waves is centered on
the network--in our case it is a convergent wave with B its center.

~A)- The other registration wave is also convergent with C its center

(Figure 1),

The points C and D are the potential pictures. of two coherent source

points Sc and Sd'
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~ Points M of a same equiphase line at the surface of the network are

such that:

ScM-S;M=06; A

or I the point of origin

S.I-8S41=8; A

- The number of the groove ig by definition: 6. - 6

17
thus: n=1_ [}SCM - Sd M) = (SCI - Sd I)
do

But, one can write:

SM=K - MCwithK = (8 C)

¢ C ¢ C
and SM= KC -MC and K = (S, D)
whence

n=1 [MD - MC - (ID - IC{] (1)
A o

-1°/ 1Let's suppose the network completed and let's look again for

the real pictures B diffracted by the network lighted by a convergent

polychromatic wave centered in D (D potential picture from a real source

S

q)

If a stigmatic picture of A exists for one ought to have:
Sqg M+ MB = S, I+ IB+ nk A (k on the order +)

IB-ID=nkA

thus MB - MD

Let's replace n by its value (1) it happens that:

MB -MD -k A (MD-MC) = IB - ID - k A (ID-IC)
do o
but MD = cst.

The condition of stigmatism therefore becomes:

MB + k _A_ MC = cst.,

do
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The condition is thus filled for

k=-1 A= Qo if B=C

k=-1 Q if MB = -k A
MC do

- The first solution is not physically posgsible
Point C being by construction, potential

- The last solution is possible for a fraction of the surface of the

network (see Figure 2) if B and C are conjugated harmonic with regard to

a network diameter in the relation m = - k ¢\
o

the

One has then: ( DB

( DC R radius of the network.

nou
gl= 3

-20/ Let's look again for the potential pictures B diffracted by
network lighted by a convergent wave centered in D.
One ought to have:

= +
sd M +M$_B SdI+I2B nkr\

éiﬁ being a wave centered on the eventual picture B

But one has SD M= KD - MD KD = (SD D) -
and ME 5 = Ky - MB K, = (BEB)
whence

MB+MD=1ID+1IB -nk A

By replacing n by its value the condition of stigmatism becomes

MB+MD+k & (MD-MC) = IB+ ID + k _A_ (ID-IC)
de’ Ao

It is satisfied for

k=-1a=4d0 ifB=C¢C

k==1 A ifMB+k A MC=o

. Ao
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- The first solution is valid.
- The second is only physically possible for a fraction of the surface
of the network (see Figure 4) if B and C are conjugated harmonics in the

relation m = -k A  with regard to a diameter of the network.

Ao

-50)- Diffraction by a holographic network

—

f a wave of given form.
- Let's take up again the demonstration of 2°
If one distorts the waves emitted by points C and D at the registration

by modifying the optic tracks (MC) and (MD) of well determined quantities
JC(M) and SD(M) by interposing a phase scale on the path of these radii,
the equations (1) and (2) become:

e +§c) - @D +JD o) = 0, Ao

(Ic+fc(n) - @ +f, (M) | 0, Ao

The expression of n = 8; = 92 becomes

n = MC-MD - (IC-ID) + e fp) - (fe (D-§ (1) s @)
1o

The expression of the aberrant deviation A (M) relative to the wave

diffracted by the network for the wave length A becomes:

A @) = vARB - (IA+IB) -k _é_ [MC-MD-(IC—ID)] -k'_‘fl[&c(M)-SD(M)-(JC(I)-SD(I))]
© L ) ’

By considering the deformation J‘ beginning with principle radii, one can

cause Sc () = SD (1) = o

whence by introducing the constant : ())

A

D) = maiB-k d_ GC-MD) - Y- k & (§e(M) - SD(M))
° de

If one distorts only one of the waves at registration:

n+k_‘_{_\_ S, ™

One has A(M)=MA+MB-k__A_(MC'MD)'3
° °
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One can therefore distort at will the diffracted waves, but it must
be noticed that:

- the sign of the deviation introduce& reverses itself accordingly as
one utilizes the order + or -

- the value of thé deviation introduced varies linearly with the wave

!

| length.

-6°/- The aberrations of the 3° order of the holographic networks.

a) Generalities.

- Qutside the points of harsh stigmaﬁism, the expression of aberrant

-

deviation Al =« Bar MB - k __%_,Ur.c 4 onn) -G (5) .
" Qe e ! i

1
}

is different from zero, the network diffracts a wéve blemished with
aberrations.

- One will try to obtain an approximate value of the aberrant deviation
by making a limited development of the expréssion of I\ (5)

- In the case of the diffraction networks the angles between beams, *
object and picture are in general important--the field variables will not
therefore be taken as infinitely small in the first order, the limited
development of [&(M) will be made with regard to the only variables of
opening.

- Let a(' and i be the pupillary coordinates in the picture space

(see Figure 9), one will put & in the form:

The quantities cf' depending on the variable :ﬁ of the coordinates

of the source point and of observation,
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- J“. will be the equivalent of the term of astigmatism, J‘ of the term
of Coma and 6‘5 of the term of spherical aberration. The coefficient {1
of the term of the first degree will be capable of being nullified, thus

furnishing a relation between the directions of the source and of its

picture,

- One will be able to continue to the transversal deviations by

utilizing the relations of Hamilton:

e LG N L Asg 34
" d% = E codal ' "~ 3°(’ Dot §'£

-

A\

: ‘:‘. " . A .
mody = Am? A e | d4
L. L Aot E)o(';- [ ) ‘4«go(r. :S—__

- b) - The limits of validity of limited development.

Let's mark the space in relation to 3 rectangular axes of common
origin, I, the summit of the network (see Figure 10).

- Let A be the source point which illuminates the network.

- The observation point B will be chosen on the radius diffracted by
the summit I of the network for the radiation A

Let B' be the projection of point B on the radius diffracted by a
point M of the network for the same wave length, the quantity BB' is on
the same order of size as the transversal deviation,

The aberrant deviation is equal to the quantity:

Aa = (AMB') - (AIB) - P A ' P entirely
but we calculate the quantity:

A- (ap) - ) - ? A
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We therefore commit a systematic error on the order of the quantity (B
B')2 or on the order of the deviation transversal to the square,

- In the hypothesis where one could nullify the terms of the first and
the sec?nd degree in & ' , one would again commit an error of the fourth
order in @ ' on the value of the aberrant deviation.

- Given that one cannot, in general, completely nullify the terms of
astigmatism, it is useless to push the limits of development above the
third order.

However, in the neighborhood of the points of harsh stigmatism, the
terms of the fourth degree can be taken into consideration. Their expression
being extremely heavy, we shall limit ourselves to the terms of Coma.

¢) - The different terms of aberration:

-~ The space is marked in relation to the three rectangular axes

'\"';> : \‘l>' \'Z.> of origin I, the summit of the network

(Figure 10).

The equation of the surface which carries this last is then

e, R . AN
Fo e

S *x;+‘\vz+.~z'?_‘2I'R‘xff.”o~
D Nspads d L ephere
* oo \ =‘°i"‘-'~_‘i : paraloloid

- A point of the space is marked by three coordinates x, y, z and

on proposes

12 = x2 + y2 + 22

- To carry out the limits of development to the third order of

(D

Q=M+ M -k r\ (MC + MD) - 3 it necessary to obtain
' °
the development in the same order of the quantities MA, MB, MC, MD

which regard to Y and Z.
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2 2 2 2
One has: MA" = (X-x) + (Y-y) + (Z-z)

2
thus MA2 = x2 + y + z2 - 2(yY - 2Z) - 2 xX + Y2 +2Z + X2

From the equation of the surface of the network one takes:
- . e . AL - . - ¢ : .
Tk e Avewzt A (@¥hpzYR g (v62¢)
K T IR T gR o h

g ¢ )t L

By carrying these values in the expression of M A2 it happens that:

Sy Lk

4 %

v QL _4&?

RN ST

N L IU RN SRR S T E w
thus el e L N ‘
o f.ML: , - A

creretore U vint a8 (4888 )
. .m o .iu‘ ,. T : "'\ J’~ '6,."7'\- '“' g ,
with
g\ ,,:. . v

Ly
I LYY \‘
FURRIR S R RO

By orderng (unreadable)

o Ly A
L MA

AR S gt ¢L ' ) L) (Avpz!
MA‘-"'@‘[ 4. 2 Q”g?);f Yoz X UY *”z) ‘_—") (4&"

-

.

,0'3:' (l')[‘z (3Y+b?—) + Y 4:_ (ll“"*HZ) ("V fﬂ:) (“t v “Rl ]

S 1 U A U TR

S
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- In the first time one will be interested in points located in the
plane X Y, therefore such as
z =0
-> -—>
- If & is the oriented angle from the vector radius IA with the axis IX

one has on the other hand:

(x=1 cos &
(
(y =1sin &
- The expression of M A 1s then:
MA = L
terms of the 1lst order-» | . — Y“'M A :
oyt W Aok} |zt i& - P
terms of the 2nd order =¥ "' Z 7 = 2 R
> o 2, ‘
terms of the 3rd order ,4-',!_5 A d (mz‘ -%) e YZ “,((g-g(z‘)
terms of the 4th order-» [ - 2 4 {‘- \ e a - z { : .
and the following LY+" Y oo

- Now let's replace in the expression of the aberrant deviation

Q

A =MA+MB-k_,\_(MCiMD) - )
N de

with =JA+ IB - k (IC + ID)
) 4

The different terms MA, MB, MC, MD by their development

We shall characterize the points A, B, C, D by polar coordinates:

-

Source points A: o 13 =1A
Observation point B : & 1B = 1B
1st registration point C: r 1C = IC (Figure 11)
2nd registration point D 5 1D = 1D
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It happens that:

i‘).A\¥= - Y L“““" WA Q. Jl%o (M F ot A 5)]

l:" ‘.‘,7‘ - ts J ws
e, PR Wt A_alr) = Al (9. J
o et () AL )

- Pl

44 (4 -"%é)]

((eolr-t!_ﬁ_"!) -&‘é#ﬂ u‘i)
29 o\l K

rad
N

'
|
i
i

B

A,.. + z."[ -:(;;' Vﬂ. + '%6- '—'—‘-"—;ﬁ ;&A{‘n(%c
[

(44 «*vsf*(“:ﬂ =)
‘ 3
4

+ 4th order

The sign + in the last term of each parentheses correspond to the'
case of the ellfpsoidal equiphase surfaces (sign s ) and hyperbolic
equiphases (sign +).

- in order that the limited development have a direction, we have
seen that the terms of the first degree at least ought to be nil, one ought

therefore always to have the relation:

‘sino + sin @ -k _:‘_‘_ (810} i“lfMS) = 0 \8),

-

R

Thus in proposing: , - - -~ - - A
W :'f : . °

i “sin. r + binJ

.l

- RO N .

a (ein A + oin p) k A

SR

This is the standard formula of the networks:
The radii IA and IB ought therefore to corfeSpond by diffraction on

a network of step a in the order k.

i ARV N
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- This condition can be physically accomplished in the case which

interests us, for the quantity a = ¢X e represents pre-
sin ¥ + siné’
cisely the step of the interference fringes which are produced in the

neighborhood of the summit I of the surface :E‘ lighted with the wave
lengths 4x, . by the two coherent points C and D of polar angle a’ and C{’ .

- Among the terms of astigmatism and Coma, these are the terms in Y2
and Y3 which are the most bothersome: these are the ones, indeed, which
give an enlargement of the picture perpendicular to the lines of the
network,

- Thus, taking into account the relation (8), the nullification of
the coefficient of Y2 gives the polar location of”the tangential focal:
L. =FB)

- In like manner, the nullification of the coefficient of 22 would

give the polar location of the sagittal focal: 'QS = G (ﬁ)

- And that of a coefficient of Y3 the polar location of least Coma.

ﬂc=ﬂ(ﬁ).
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7°/- Study of particular cases

1°/- The study of the conditions of harsh stigmatism has shown us
that in the case where the support of the network is spherical, and where
one of the regigtration points is at its center, three points of perfect
stigmatism exist.

- We are going to study in this particular case the form of the focal
curves,

Before making the study of these curves, we are going to show the
following proposition:
—_}he focal curves, sagittal and tangential, and the curve of no

Coma are the same, respectively, as the source point, whether it

be at the center of the network, at point C, or at point R conjugated

LLfrom point C - see (Figure 6),

- We are going to show this proposition in the case of the tangential
focal curve,

Like demonstrations could be given for the location of the sagittal

focal and no coma.
- a) - Source point A is at the center of the network —=> & = © "QA': R
Point D is also at the center : —_ S =0 Lp =R
= By carrying these values in the terﬁ in Y2 of the general expression

of Z\ it happens that: , .
‘ N >.'  ‘ : ;' . *.

with %"“‘“f" “'ﬁ'“o“‘f ‘"°ﬂ‘

The polar equation of the tangential focal curve is thus given by

the relation:
N
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- b) - Let's put source point A in C: ,,( =¥ JA s -—e(

One has then: -Q_EE%_ __ﬁ(_&_ +(4_&A_>(% —E%r)‘-o.,.
with Mﬁ - 6 *5_) o Y o0

The polar equation of the tangential focal is thus given by

the relation: an/'} _top _AW\[_, Gﬂ'r C.QI)
2ol LR e L

It's the same as the preceding.

c) - Let's place the source point at point R conjugated from point C

so that MR = m MC 4“

Literal expression of O is then:

RA jiz"m MC + MB - k A (MC-MD) = P
' : [ ]
S | .
A =MB+ (m-k A)Mc_k, A M0 J
thus Rt e - |

By replacing MA, MC, MD by their limited development, and by equaling

at zero the terms in Y and Y2 one then obtains the system:

A

.A\M(S ' (w\- -&ﬁ.) «QW\ Y : , .'.",.1
The location of the tangential focal is therefore given by the relation:

VGl L enf

This is the same relation as in the two preceding cases, the proposition

is therefore demonstrated.
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d) - The proposition remains true if registration points C and D
are mixed (equiphased spherical surfaces studied at @é 4):
One thus has C and D mixed or: MC = MD
Let's suppose the source point A is located in R conjugated from C, D
or MA = MR = m MC ‘
The expression of 13 is then:
D -nMc+Mc -k A (M) - ?
By placing MC and MB by their ;imited deveiopment and by equalling

at zero the terms in Y and Y2 one obtains the equations:

msin.r+sin[3-2k_:‘\‘ sinf = ©

thus f? ’M{b _,(m\-a.klk.) Y

- ‘Ccn'ej: ws +(«M. -7..&13_)( ol wa) ‘o

The equation of the tangential focal is therefore always given by the

&

formula:

2N T co‘&" 'w') .
_”.gfer.' »{7;“8\';{ e 4hnxf f& - R .

One would demonstrate the proposition in like manner when the source
point‘is in C, D, or at the center of the network.

2°/- Analytical study of the focal curves

- According to the preceding paragraph, it suffices to make the study

in a particular case.

One will place source point A at the center of the network: od=o ‘eA-'-‘ R

The hypotheses are besides:

ammaies mo s
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- Spherical support : A = N =‘1

- Point D at the center of the network : S =0 Rp=R

- By carrying these values in the coefficients of Y, Y2 and 22 one

obtains the desired polar equations:

1 -

i Coefficient of the lst degree: sin P k 'jL sin ¥
i o

=

Equation of the sagittal focal:

4 ool ._M.é(%_gog_b’__)é
_', Ly A ¢ ¢ ) ,
; : » |
Equation of the tangential focal:
‘ SRR : . - -
LoE . S ()
: 4 _ N A Y e A
,i - A/- The sagittal focal
A b s fd -wb’) ;
&5 R uwwy \ € R :
; PR
_E One recognizes the equation of a straight line
It passes by the points ﬁ = q oQ= R or D
i;{ and B = a"(’= 1C or C

" This is therefore the straight line gﬁ.

- B/- The tangential focal:

thus




propose B A
ty¥
tap. L
) “ - Alo¥
, S e(c-_““..
it happens that: ! ’! -—?.r r o R
e 1.

LT e

—d

- a) - The curve therefore presents an assympototic direction for the

polar angle ﬁ“ so that:

. —1:1:" -t Imf
0sY 6 Ig:

14,.'11}\ ?4 Lt fv:-‘-:.‘
e e KR

By convention one takes:

‘€L> kwx, therefore if point C is exterior to the circle of

Rowland: ﬁq P> o

If ,[‘..; AR ¥ .therefore if the point C is interior to the circle of

Rowland: |3 a L o

The position of the assymptote is defined by the quantity

QT,M (f"/"‘)
A"’A& ."_(: j.';'

SO -

) d.t ﬁ e 1limit of

But one can write 2 T in the form:

SO :;s??."f; ‘{b“'ﬁ) .
h | o e e
vhenee - ~.-," “we E{ (aih px -*. oﬁn 3,ﬂ'* ;

(see figure 12)
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3
For not too important angles Ba sin Ba £& sin Ba

a

therefore: FL 'y - 9, M (!m. ‘

The assymptote pqsses in the neighborhood of the center of the network:

") - For  p o :g | "r&°"f-'

The focal curve thus passes by the Sununitmo‘fv'wt.he netwel;lé with a vertical
tangent.

- ¢) The intersection points of the focal tangential curve with the
sagittal curve are obtained by writing that one has (unreadable) _QT

- One already knows that these two curves meet at leaet in three
points: the points of harsh stigmatism.

The resolution of the equation IS -.?T £ © furnished 3 values of

B s they are therefore necessarily the 3 stigmatic points:

thus ,31 : :— o ._é = R —» ; center of the network
3 P2 = £ - Qe —“i Point C L
P3 j with ‘ta(ss - 'taa( G'Tcg“r !

ﬁ3 is therefore the polar angle of , - v’ "' ' Rtk
’ point R conjugated harmonic of point C ) c B
| taps = —’-—""tav ,Ru?r = tghe 6_&.?{

e RGY ¢ ¢
R p&7 ﬁ-sif C is exterior to the circle of Rowland

’3‘< ﬂ;if C is interior to the circle of Rowland

-~ One notices that for ;, 'éc. = oO | P‘l t.

ﬁ = o0 is root double the tangential curve, it 1s therefore eangent to
the straight line location of the sagittal focal at the center of the network,
the astigmatism therefore remains almost nil in the neighborhood of this
point.

- For jﬁ = 2R me R therefore when point C is located on the

circle of the network, P "_"’ V P
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The sagittal and tangential focal curves are therefore tangent to
point C, the astigmatism remains therefore also nearly nil in the neigh-
borhood of C for this configuration.

The derivative of .?'T‘ with relation to ﬁ; is not studied simply,

G
‘ it has as its expression

U - % op (faea S ten)
T

v -

)

- The angle 43\ between the tangents in a point of the focal tangential

curve and the vector radius is given by the éxpression£
- R _@ '_; o S )
o R . P a__ : ‘ . I
. e

thus:

ans ((fypa —“t‘?”r;)- ;

‘#ta V ’ ?.a ) , I L .
S A - adp cap (typa-1gh)

- Figure 13 gives the direction of the focal curve when point C-.-is at
the exterior of the circle of Rowland of tﬁe network,

~ Figure 14 gives the direction of the focal curve when C is at the
interior of the circle of Rowland., One establishes that in that case the
third point of stigmatism is quite potential.

- Figure 15 gives the evolution of the focal curve as a function of
the step of thé network for a same value of m, therefore the same third
wave length of stigmatism: f\k\= 6000 (Point C exterior to the circle of
Rowland).

~ Figure 16 gives the evolution of the focal curves as a function of m
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for a given step: 1200 lines/mm,
- A correction = m 4880 A°
0c =R_
m
OR = m.R.
)
Number of lines/mm | d’
600 [ 17°.
1200 ' 36°
|
1800 \ 61°.5
2000 | 90°
|
| °
Value of m | A correction f\
2.05 | 10,000
1.43 | 7,000
1.23 | 6,000
1 ' 4,880
|
0.82 ‘ 4,000
0.51 \ 2,500
0.246 ' 1,200
|
0.123 ' 600

The case m = o where point C is rejected at

is equally interesting.
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Examination of the sagittal and tangential focal curves show thgt
these curves are in general secant to the stigmatic points, the stigmatism
therefore decreases rather quickly in the neighborhood of these points.

- These curves are found to be tangent only in two casés, when point C
is at infinity and when it is on the circle of the network: we are
going to study in those cases in the neighborhood of the point of tangence,
how the Coma varies:
19/- Registration point C 1is at infinity in the direction b’ : on the
other hand, the other registration point D is at the center of the network,

source point A is at infinity in the same direction as C, and one observes

in the neighborhood of the center of the network

[ eew.
One has therefore oy e R $ so

. .Qh,_oo_: Lo ¥

The expression of the aberrant deviations therefore becomes:

: R T IR T R T
For tangential astigmatism ‘A‘r B :(z__ &.@__ - nfo +__£ Ce— |

-

foo ST o . J
. A . 4w I
For sagittal astigmatism ‘ ,AS . 2t [- A4 CU’[E . Y, ‘___I_S_ ] p

For Coma

One does have AT .AS’AJ’O’ for JQ , at the center of the network

and one knows that the astigmatism remains nil . in the neighborhood, let's

calculate o

ar
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N ‘!_ | N *
e, v ‘ef;[m‘f*(v’i “—) catp (k- ) |

. ‘((33) f‘-‘ 4¥Al§.“p/5 (5;)
s ar. R A

fo‘r ﬁ =0 ,Q g = R one has therefore %—Af =

The coma remains therefore also very weak in the neighborhood of
the center,

- It is necessary however to notice that this last property 4' is
true only when points A and C are mixed at infinity, that is, for the wave
length 4880 at the center of the network.

; One can try to evaluate the height of the tangential focal:

If H is the height of the 11ne of the network one has:

'&1-:= H :ps 07 ,’E

S

Thus here ﬂf

SO e

¢

hT = H, sinﬂ%

Coarwd

This expression remains true if point A is not mixed with point C

at infinity.

- One can therefore compare this mounting to the standard mounting

of Wadworth.

In this case:
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One has also hT = H sin 2 ﬁ

But one never has d A C_. g for /3 = o

d g

- Figure 17 permits comparing the arrangement of the two mounting.

- The linear dispersion oJJ 1s multiplied by A _ for the

dd | ain ¥

holographic mounting,
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29)- Registration point C is on the circle of the network.
- The other registration point D is at the center of the network as
well as source point A.
- One observes in the neighborhood of point C
Le = LRwY
One has therefore -04; lb - A

oA :-.. S 2o "

PO

The epxression of the Coma is then:

y? M(.“?.:E-M)-*’“‘/‘» ‘m‘f-.cﬁz) ;
¢ | ds \ ¢8R/ & \ £ R

A .
by replacing .ﬂc by its value:

i [ et (.,cn‘/s-; cm'/s_) Ry
Z | G\ e R/ 4R

]

D
AL

n

Then one has as an expression of the derivative of A\ ¢ in relation

ekl

one has therefore

© omame————

 ° R

Ly
. L

KN

- In the neighborhood of the stigmatic point C, the astigmatism and

the coma remain therefore very weak.

- &
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89/~ Application to spectroscopy:

I - Aberration introduced by the height of the slots,

- The general expression which gives the aberrant deviation () has been

established for points A, B, C, D all located in the plane XY.

- To take into account the finite height of the slots of a spectrograph

utilizing the network, one is led to give coordinates at these different points,

- However, to conserve the expressions already established, we shall

—
adopt a system of cylindrical coordinates of axis 1z .

The coordinates of A, B, C, D, will then be : (see Figure 18)

- One will try to obtain a limited development of quantities of type

MA, in relation to the variables of the first order Y, Z and also r},

- As in SS

; \‘,..v‘_ .

e

£

o

Ls

. ’/'

. ?’

with

with

with

with

?’nz"\pn ool ,
Ya » ‘()A avis &
b“‘

e = g aop

CVb;‘{QJQﬂ

:1155 i

X ="ec T2 ) S

gc = 'Pc-ﬁf:lr |
e L
")u:{il~€p;ccﬁr‘

| 33»"::'[.;.-95 A Y

T,

e -

one will be able to put MA in the form

i.‘ji;, ,4.HW‘,._0géi?,

+

16

P : K "w;'. .
N #oe el )




<

A

~40-

‘(ﬁrlt

RS

et.. RQ‘( %

SR

Av-.,'z ) *(Av +r=’) (

4&‘

e

By arranging according to increasing powers, Y, Z, c}. one will obtain

as an expression of MA:

MA =

1st order

2nd order

3rd order

+ 4

- By carrying this expression in the literal expression of

_— e e

ey -

in order

one obtains as aberrant complementary terms:

In the second order:'f

In the third order:

- One will take in genmeral Vye =

complementary

terms:

’bn %6 - _*_ (1’-&. -
‘_—-;'\ J‘;&(‘o e&
'»w T, i e - R

j—bw «_h ;lm{%. o &L

ey n Gl “Qb do

AN

(&uf de
el.

~ -

(5)

g

one then has as aberrant

R3;

N
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A) « In the second order: ‘ i"',-_ - "-‘ :
A =2z ( %A'* B )
o A ?B

One can nullify it by making:

LR
s

which corresponds to a relation of geometric increase,
B) = In the third order:

Taking into account the preceding relation:

'MA’% X ’z (wgm««’(s.-) = Y \;: (4«_94«/5) |

- whlch corresponds to a distortion of the picture,

- the latter becomes a curve with a radius Rc:
R = *é? in normal.diffraction
¢ —
sin ol

Rc = ‘67 in autocollination
& sin el

C) - In the third order:

.A/ - ¢.YZ (M *‘ ‘-"(Z_- +_Am/’; 3& )r;

Which corresponds to an enlargement of the picture.
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